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Abstract 
The paper considers issues of energy-power parameters determination of mechatronic system of hot plate mill. The dependence 
of the calculation of roll torque on features of high deformation zone is given. Based on the obtained expressions the structural 
diagram of the deformation zone model has been developed. The adequacy of specified method for calculation of energy-power 
parameters was checked and proved. Results of the experimental studies proved the correctness of conclusions to use specified 
method during rough rolling as well as finish rolling on the hot plate mill. 
© 2015 The Authors. Published by Elsevier Ltd. 
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1. Introduction  
The hot plate mills are destined to produce hot-rolled plates. Moreover they must accommodate varying industrial 
needs such kinds of industries as pipe and tube production, building and construction industry and shipbuilding 
industry. Commissioning of the modern hot plate mills and the necessity to develop the technological regimes for 
carrying out of a wide range of rolled products require to create the mathematical models, including energy-power 
parameters calculation. 
The main idea of this article is to develop an engineering method for calculating the roll force and the roll torque 
in view of the deformation-zone geometry on the hot plate mill 5000 in OJSC "Magnitogorsk Iron and Steel Works" 
(hereafter “MMK”). 
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2. Main Part 
The energy-power parameters of hot rolling include total roll force and the roll torque. It is necessary to 
determine these values of hot rolling under steady conditions and under profiling mode in horizontal stand. It should 
be done to estimate the features of the screw-down mechanisms and the main electric drives, likewise to develop the 
mathematical models of these mechanisms. 
2.1. Analysis of the well-known methods for calculating the roll force and the roll torque  
A number of methods to determine roll force and torque have been currently known and developed. Most 
methods for calculating roll force are obtained by solving differential equations of the contact stresses acting on the 
metal in the deformation zone. 
These ratios do not have the generalized character, and the applications is limited by conditions in which 
constituent factors was obtained. An unambiguous choice of the best methods of calculation for a particular mill is 
almost impossible; we can only determine the preference of a number of methods to calculate the roll force of the 
hot plate mill. 
The calculation of energy-power parameters on each pass of plate rolling on mill 2000 and 5000 OJSC "MMK" 
was done to test the applicability of the known methods. Furthermore the error of experimental data was calculated 
that was obtained by recording the coordinates of the mill electric drives for each pass. The calculation results are 
summarized in [1-3]. Analysis of the results shows that the direct application of simplified methods is unacceptable 
during the rough rolling, i.e. when a plate thickness is more than 150 mm. The most acceptable method is the 
method of academic A.I. Tselikov, which gives a deviation in the calculations under rough rolling to 38% and with 
decreasing of the plate thickness reduces this deviation to 2 ... 6%. 
Thus, it is necessary to analyze the causes that lead to such miscalculations of energy-power parameters at plate 
rolling, and as a result, a new specified technique should be developed. 
 
2.2. The development of the specified method for calculating the roll toque and roll force for hot plate mill 5000 
The distinction of the rough rolling in hot plate mill is a high deformation zone and as a result a large angle of 
nip. Thus concerning hot plate mill 5000 the maximum thickness of the slab is 300 mm and the diameter of the work 
roll 1210 mm, the angle of nip can reach 20°. In this regard, the neglects, which were made by A.I. Tselikov in his 
method, are the main reasons leading to significant miscalculations [4-6]. The scheme of  the stress state of the 
deformation zone is shown in Fig.1. 
The mathematical model of deformation zone is developed on the basis of an improved method of A.I. Tselikov, 
which is proposed and developed taking into an account the peculiarity of rolling plates [2, 7-9]: 
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where xP  is the specific pressure on the rolls rolled metal; xM  is the angle between the tangent to the arc ab and the 
horizontal plane in Fig. 1; xt  is the specific friction force between the rolled metal and the surface of rolls; y  is a 
half of height of the cross section bd; fkk  15,1 ; fk  is the yield strength or the resistance to plastic deformation 
under simple tension. The "plus" in the first and before the third member of this equation refers to the zone of 
slippage on the delivery side, and the sign "minus" refers to the zone of slippage on the entry side. In the second 
term, on the contrary, "plus" refers to the zone of slippage on the entry side and "minus" refers to the zone of 
slippage on the delivery side. 
As a result of the integration of this equation constants are obtained, they can be determined from the initial 
conditions. For this purpose it is necessary to find the specific pressure at points A and B. In this case the rolled strip 
at the entrance to the stand and at the exit from the stand is not in tension. 
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Then specific pressures can be found as follows 
- at the point A  
DtgtkP  00 ;   (2) 
- at the point B 
kP  1 .   (3) 
 
Fig. 1. The scheme of stressed state in the rolling 
The general solution to equation (1) is considerable difficult, because there is an uncertainty in ratio between xP
and xt . Therefore, it is necessary to accept the friction as a constant, i.e.  
const xt    (4) 
then the tension is found as 
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If the polar coordinate system is used 
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then the equation (5) can be written as  
kytP xxxx 
cr V    (8) 
consequently 
src c xxxx ytPV    (9) 
substituting (9) in (1) the equation takes the form 
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after all transformations the roll force in polar coordinate system is found as follow 
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Then finally the general solution to the differential equation takes the form 
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The relationship between the rolling torque and the roll force may be defined as 
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where DE\   is the position coefficient of the resultant roll force P Fig. 1; D  is the nip angle; E  is the angle of 
point of roll force application; rR  is the radius of rolls; 0h , 1h  is the slab thickness before and after rolling.  
A series of experiments at the hot plate mill 5000 OJSC "MMK" were done to solve the problem of changing the 
angle of point of roll force [10]. The results showed in Fig.2 [8, 11] that the angle E  for each steel grade contained 
in one area with respect to the angle of bite Į, therefore, it can be concluded that angle E  does not depend on the 
steel grade and size of deformation zone 
The dependence of angle E  is as follows: 
1459,1391,0 DE     (14) 
Then the rolling torque can be determined as: 
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2.3. Check the adequacy of the developed specified method for calculating the roll toque of hot plate mill 5000 at 
OJSC "MMK" 
As a result, based on obtained expressions the models for calculating energy-power parameters were made up in 
accordance with two methods: simplified that is recommended by A.I. Tselikov and a new specified method. The 
calculation of the energy-power parameters of rolling was carried out on each pass the rolled steel grades and the 
error of experimental data, which was obtained by recording the coordinates of the mill electric drives for each pass, 
was counted up. The results of calculations are shown in Table 1. 
 
Fig.2. The experimental dependence  DE f  
     Table 1. Check the adequacy of the developed specified method for calculating the roll toque of hot plate mill 5000 
Number 
of pass 0h , m 
error, % Number 
of pass 0h , m 
error, % Number 
of pass 0h , m 
error, % 
Method 1 Method2 meth. 1 meth.2 meth. 1 meth.2 
Steel grad K52 Steel grade ɏ70 Steel grade K60 
1 0,3 2,56 33,86 1 0,3 3,29 29,83 1 0,3 4,28 37,91 
2 0,26076 2,40 34,22 2 0,25978 3,11 34,64 2 0,28252 4,93 36,63 
3 0,23488 6,70 36,33 3 0,23285 5,40 35,08 3 0,2573 2,98 34,77 
4 0,21004 1,71 31,83 4 0,20412 3,37 31,53 4 0,23335 4,81 35,48 
5 0,18546 1,37 30,48 5 0,17196 2,60 26,29 5 0,21085 1,39 29,08 
6 0,16208 4,20 23,90 6 0,14591 4,08 23,23 6 Dummy pass 
7 0,13569 4,16 19,24 7 
Dummy pass 
7 0,18321 4,50 31,58 
8 0,10962 6,01 14,94 8 8 0,16281 2,94 23,95 
9 
Dummy pass 
9 0,12203 1,47 23,25 9 0,14173 4,81 29,73 
10 10 0,10572 3,49 26,57 10 0,1255 4,96 28,15 
11 0,08636 3,70 14,76 11 0,09291 3,31 24,36 11 0,11045 4,15 25,78 
12 0,07146 3,47 12,45 12 0,08081 3,09 21,49 12 0,0963 3,28 22,01 
13 0,05947 1,64 10,84 13 0,0693 1,97 13,68 13 0,08271 2,20 14,30 
14 0,04938 2,22 6,18 14 0,05841 2,30 9,84 - - - - 
15 0,04099 4,80 0,83 15 0,0485 2,72 3,79 - - - - 
16 0,03431 1,45 1,58 16 0,03985 5,47 4,18 - - - - 
17 0,02902 1,47 1,90 17 0,0328 2,95 5,84 - - - - 
18 0,0246 2,42 3,26 18 0,02712 1,50 6,48 - - - - 
19 0,02092 5,39 5,19 19 0,02259 5,04 5,00 - - - - 
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Analysis of these data shows that the method A. I. Tselikov gives an error in the calculations in the first passes up 
to 38%, but specified method, which is developed with taking an account the features of a high-deformation zone. 
This method enables to make calculation of energy-power parameters on all passes with an error up to 6 ... 7%. 
3. Outcome summary 
To summarize this research paper, it can be concluded that the direct application of the simplified method of 
academic A.I. Tselikov is inadmissible during rough on hot plate mill 5000, because it gives miscalculations in the 
first passes to 38%. With the reduction of the sheet thickness miscalculation is reduced to 2...6%. Specified method, 
which is developed by the authors in accordance with the view of features of a high deformation zone, gives the 
accuracy of calculation of energy-power parameters on all passes more than 95%. 
Thus, as a result of the research, analytical dependences for specified calculation of roll torque on the motor shaft 
of hot plate mill 5000 are obtained. Experimental verification has proved the adequacy of the design data, that lets to 
recommend the developed method for use. 
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